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Abstract of JP20021 9051 9 

PROBLEM TO BE SOLVED: To provide a material for forming a protective film in which no void is formed, even if 
the aspect ratio of a hole is increased and moreover no difference in the film thickness is produced between a Dense 
part and an Iso part, when the material for fomiing a protective film is provided thereon. SOLUTION: In a 
composition comprising a solid content containing a resin component and a crosslinking agent at a mass ratio of 2:8 
to 4:6 and an organic solvent, mass average molecular weight of the solid component is adjusted to be in a range of 
1.300^.500. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The protective coat formation ingredient for dual DAMAsHlN processes characterized by 

adjusting the mass mean molecular weight of the above-mentioned solid content to the range of 1300- 

4500 in the constituent which consists of sohd content which contains a resinous principle and a cross 

linking agent component at a mass ratio 2:8 thru/or a rate of 4:6, and an organic solvent. 

[Claim 2] The protective coat formation ingredient for dual DAMASHIN processes according to claim 1 

which has the mass mean molecular weight of the resinous principle in solid content in the range of 

4000-15000. 

[Claim 3] The protective coat formation ingredient for dual DAMASHIN processes according to claim 1 
or 2 whose resinous principle is acrylic resin. 

[Claim 4] The protective coat formation ingredient for dual DAMASHIN processes according to claim 1 

to 3 whose cross linking agent component is the compound which has triazine structure. 

[Claim 5] The protective coat formation ingredient for dual DAMASHIN processes according to claim 4 

which has the mass mean molecular weight of a cross linking agent component in the range of 500- 

1000. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In the fine structure resist pattern used for a dual DAMASHIN process, in case 
this invention prepares a protective coat, it relates to the protective coat formation ingredient which can 
carry out flattening of the thickness difference produced between a high density pattern part and an 
isolated pattern part. 
[0002] 

[Description of the Prior Art] The dual DAMASHIN process which embeds a metallic material with 
plating and forms wiring has come to attract attention instead of processing the conventional metal 
membrane by etching and forming wiring of an electron device, while using copper as a wiring material 
is examined, in order to solve the problem of wiring resistance or wiring delay about a semiconductor 
integrated circuit recently. 

[0003] By the way, in preparing a trench hole (wiring gutter) according to this dual DAMASHIN 
process after forming a beer hall (connection slot), in order for the wiring material aheady prepared in 
the substrate fi*ont face to prevent being damaged at the time of the trench formation after hole 
formation, it is necessary to prepare a protective coat in a hole. And about such a protective coat, the pad 
property for embedding without a clearance the inside of the acid-resisting property of preventing the 
echo fi'om the substrate of an exposure radiation, and a hole, and the flattening property which makes 
thickness of the substrate after a pad regularity are demanded. 

[0004] By the way, although the organic system ingredient, for example, a photoresist ingredient 
meltable to an alkali developer, is usually used as a protective coat (JP,10-223755,A) In these organic 
system ingredients, if the aspect ratio of a hole becomes large Form air bubbles, i.e., a void, in a hole at 
the time of BEKU, and the protective effect of a metallic material turns to imperfection up, and If it 
applies on the substrate containing a high density pattern part (henceforth the Dense section), and an 
isolated pattem part (henceforth the Iso section) and paint film formation is carried out as shown in 
drawing 1 A thickness difference is produced to a pattem and the fault of having an adverse efifect on the 
lithography processing for consecutive trench formation is produced. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention conquers the fault which such a conventional 
protective coat formation ingredient has, and also when it moreover prepares on the Dense section and 
the Iso section, without forming a void even if the aspect ratio of a hole becomes large, it is made for the 
purpose of offering the protective coat formation ingredient which does not produce a thickness 
difference among both. 
[0006] 

[Means for Solving the Problem] The result of having repeated research wholeheartedly in order that 
this invention persons might conquer the fault which the conventional protective coat formation 
ingredient in a dual DAMASHIN process has, If a protective coat is made to form with the ingredient 
which contained the resinous principle and the cross linking agent component at a specific rate, and the 
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solid content in it adjusted within the limits of specific mass average molecular weight Formation of the 
void in a hole can be controlled and it came to make this invention for the abihty of thickness between 
the Dense section and the Iso section to be fixed moreover based on a header and this knowledge. 
[0007] That is, this invention offers the protective coat formation ingredient for dual DAMASHIN 
processes characterized by adjusting the mass mean molecular weight of the above-mentioned solid 
content to the range of 1300-4500 in the constituent which consists of soUd content which contains a 
resinous principle and a cross linking agent component at a mass ratio 2:8 thru/or a rate of 4:6, and an 
organic solvent. 
[0008] 

[Embodiment of the Invention] The protective coat formation ingredient of this invention consists of a 

constituent which dissolved the soUd content which consists of a resinous principle and a cross linking 

agent component in the organic solvent. And the polymer or copolymer obtained especially as the 

above-mentioned resinous principle, for example, using ester with at least one sort of hydroxy 

compounds, acrylic acid, or methacrylic acid chosen fi*om the bis-phenyl sulfones which have at least 

one hydroxyl group, benzophenones, anthi acene, and naphthalene as a part of monomer [ at least ] 

although a polyamide acid, polysulfone, a halogenation polymer, a polybutene sulfonic acid, acrylic 

resin, etc. are used is desirable. 

[0009] Namely, a general formula [** 1] 
R* 

I 

HiC = C-C-0-R* (I ) 
II 
O 

The polymer of the acrylic acid or methacrylic ester expressed with (Rl in a formula is a hydrogen atom 
or a methyl group, and R2 is the residue excluding the hydrogen atom fi"om the hydroxyl group of the 
hydroxyl compound chosen fi-om bis-phenyl sulfones with at least one hydroxyl group, benzophenones, 
anthracene, and naphthalene), these and other acrylic acids, or a copolymer with methacrylic ester is 
desirable. 

[0010] As an example of R2 in this general formula (I), it is a general formula [** 2]. 



(I I) 



They are the bis-phenyl sulfone residue expressed with (a -S02-radical or a -CO-radical, and R3 and R4 

are [ 4 or less and m of a hydrogen atom, hydroxyl-group, alkyl group, alkoxy group, halogen atom, 

amino-group, low-grade dialkylamino radical, carboxyl group, tert-butoxy radical, tert- 

buthoxycarbonyloxy radical, low-grade alkoxyalkyl group, and low-grade hydroxyalkyl radical, a 

tetrahydropyranyloxy radical or a tetrahydrofiiranyl oxy-radical, and n ] five or less integers for X in a 

formula) or benzophenone residue, and a general formula [** 3], 
(R^)x 




gjQ) (...) 

They are the anthryl radical expressed with (R5 in a formula is a hydroxyl-group, alkyl group, alkoxy 
group, halogen atom, amino-group, low-grade dialkylamino radical, carboxyl group, tert-butoxy radical, 
tert-buthoxycarbonyloxy radical, low-grade alkoxyalkyl group, and low-grade hydroxyalkyl radical, a 
tetrahydropyranyloxy radical, or a tetrahydrofiiranyl oxy-radical, and x is eight or less integer), or a 
general formula [** 4]. 
(R«)/ 

CIV) 
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The naphthyl group expressed with (R6 in a formula is a hydroxyl-group, alkyl group, alkoxy group, 
halogen atom, amino-group, low-grade dialkylamino radical, carboxyl group, tert-butoxy radical, tert- 
buthoxycarbonyloxy radical, low-grade alkoxyalkyl group, and low-grade hydroxyalkyl radical, a 
tetrahydropyranyloxy radical, or a tetrahydrofiiranyl oxy-radical, and y is six or less integer) can be 
mentioned. 

[001 1] therefore, as an example of the monomer which constitutes a resinous principle A bis(4- 
hydroxyphenyl) sulfone, abis(3-hydroxyphenyl) sulfone, A bis(2-hydroxyphenyl) sulfone, a bis(2, 4- 
dihydroxy phenyl) sulfone, A bis(3, 4-dihydroxy phenyl) sulfone, a bis(3, 5-dihydroxy phenyl) sulfone, 
A bis(3, 6-dihydroxy phenyl) sulfone, bis(3, 5-dimethyl-4-hydroxyphenyl) sulfones, and these hydroxyl 
groups leave at least one piece. A tert-butoxy radical, The compound permuted by the tert- 
buthoxycarbonyloxy radical, the ethoxy ethoxy radical, and the tetra-hydroxy pyranyl oxy-radical, 2, 4- 
dihydroxy benzophenone, 2 and 3, 4-trihydroxy benzophenone, A 2, 1\ 4, and 4 -tetra-hydroxy 
benzophenone, 2, 1\ 5, a 6'-tetra-hydroxy benzophenone, 2-hydroxy-4-methoxybenzophenone, 2- 
hydroxy-4-octoxybenzophenone, 2-hydroxy-4-dodecyioxy benzophenone, 2, and 2 -dihydroxy-4- 
methoxybenzophenone, A 2, 6-dihydroxy-4-methoxybenzophenone, 2, 2'-dihydroxy-4, and 4 - 
dimethoxy benzophenone, A 4-amino-2 -hydroxy benzophenone, a 4-dimethylamino-2'-hydroxy 
benzophenone, A 4-diethylamino-2'-hydroxy benzophenone, a 4-dimethylamino-4'-methoxy-2'-hydroxy 
benzophenone, 4-dimethylamino-2' and 4'-dihydroxy benzophenone and 4-dimethylamino-3' and 4 - 
dihydroxy benzophenones and these hydroxides leave at least one piece. A tert-butoxy radical, The 
compound permuted by the tert-buthoxycarbonyloxy radical, the ethoxy ethoxy radical, and the tetra- 
pyranyl oxy-radical, A 1 -hydroxy anthracene, a 9-hydroxy anthracene, 1, 2-dihydroxy anthracene, 1, 5- 
dihydroxy anthracene, 9, 10-dihydroxy anthracene, 1, 2, 3-trihydroxy anthracene, 1, 2 and 3, a 4-tetra- 
hydroxy anthracene, 1, 2, 3, 4, 5, 6-hexa hydroxy anthracene, 1, 2, 3, 4, 5, 6 and 7, 8-OKUTA hydroxy 
anthracene, 1-hydroxymethyl anthracene, 9-hydroxymethyl anthracene, 1 -hydroxy ethyl anthracene, 9- 
hydroxyethyl anthracene, A 9-hydroxy hexyl anthracene, a 9-hydroxy octyl anthracene, 9, lO-drhydroxy 
methyl anthracene, 9-anthracene carboxyUc acid, A glycidyl-ized anthracene carboxylic acid, glycidyl- 
ized anthryl methyl alcohol, Anthryl methyl alcohol, a multiple-valued carboxylic acid, for example, 
oxalic acid, a malonic acid, A methylmalonic acid, an ethyl malonic acid, a dimethyl malonic acid, a 
succinic acid, a methyl succinic acid, A condensation product with 2 and 2-dimethyl succinic acid, a 
glutaric acid, an adipic acid, and apimeUc acid, 1-naphthol, 2-naphthol, naphthalene diol, 
naphthalenetriol, 1 -naphthalene methanol, 2-naphthalene methanol, l-(2-naphthyl) ethanol, a 
naphthalene carboxylic acid, a l-naphthol-4-carboxylic acid, 1, 8-naphthalene dicarboxyhc acid, 
naphtholsulfonic acid, etc. can be mentioned. Moreover, as for the substituent expressed with above- 
mentioned general formula (II) - (IV), it is desirable to use the high thing of absorption to the 
wavelength of the exposure light used. For example, when i line (365nm) is used, a benzophenone 
system substituent is desirable, and when a KrF excimer laser (248nm) is used, a sulfone system or an 
anthracene system substituent is desirable. The mass average molecular weight of these resinous 
principles has the desirable thing of the range of 4000-15000. 

[0012] Moreover, the nitrogen-containing compound which has at least two amino groups permuted by 
the thing which has the functional group which can form bridge formation between selves or the 
resinous principle used together with heating as a cross linking agent component, for example, a 
hydroxyalkyl radical, the alkoxyalkyl group, or its both can be mentioned. As such a compound, there 
are the melamine and urea with which the hydrogen atom of the amino group was permuted by the 
methylol radical, the alkoxy methyl group, or its both, for example, guanamine, benzoguanamine, 
glycoluryl, a succinyl amide, an ethylene urea, etc. 

[0013] These nitrogen-containing compounds can be easily obtained making a melamine, a urea, 
guanamine, benzoguanamine, glycoluryl, a succinyl amide, an ethylene urea, etc. react with formalin in 
ebullition underwater, and methylol-izing them, or by making lower alcohol still like methyl alcohol, 
ethyl alcohol, n-propyl alcohol, and isopropyl alcohol react to this, and carrying out alkoxy **. 
[0014] In these nitrogen-containing compounds, it is especially a general formula [** 5]. 
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(V) 



A 



(Although A in a formula shows a hydrogen atom, an alkyl group, an aralkyl radical, an aryl group, or 
1 1R12 -NR(s), it is whether R7, R8, R9, RIO, Rll, and R12 are mutually the same and a differrat thing 
and a hydrogen atom, a methylol radical, or an alkoxy methyl group is shown, respectively) at least two 
in 4-612 which exist in a molecule, R7, R8, R9, RIO, Rl 1, and R12, - a methylol radical or an alkoxy 
methyl group — it is — since the compoxmd expressed has good crosslinking reaction nature, it is 
desirable. As for the melamine derivative of the compound expressed with this general formula, what 
****** per melamine ring, a methylol radical, or six alkoxy an average of three or more piece methyl 
groups is desirable. As an example of such a melamine derivative or a benzoguanamine derivative MX- 
750 by which an average of 3.7 methoxymethyl radicals are permuted per triazine ring of a commercial 
item, and MW-30 (all aie Sanwa chemical company make) by which an average of 5.8 methoxymethyl 
radicals are permuted per triazine ring, MethoxymethyWzed melamines, such as Cymel 300, 301, 303, 
350, 370, 771, 325, 327, 703, and 712, Methoxymethyl-ized butoxy methylation melamines, such as 
Cymel 235, 236, 238, 212, 253, and 254, Butoxy methylation melamines, such as Cymel 506 and 508, a 
carboxyl group content methoxymethyl-ized iso butoxy methylation melamine like Cymel 1 141, 
Methoxymethyl-ized ethoxy methylation benzoguanamine like Cymel 1 123, Methoxymethyl-ized 
butoxy methylation benzoguanamine like Cymel 1 123-10, Butoxy methylation benzoguanamine like 
Cymel 1 128, carboxyl group content methoxymethyl-ized ethoxy methylation benzoguanamine (all are 
the Mitsui Cyanamid make) like Cymel 1 125-80, etc. are mentioned. Moreover, as an example of 
glycoluryl, butoxy methylation glycoluryl like Cymel 1 170, methylol-ized glycoluryl like Cymel 1 172, 
etc. are mentioned. 

[0015] Moreover, in this invention, these cross linking agents may be used independently, and two or 
more sorts may be combined and they may be used. As for these cross linking agent components, it is 
desirable that the mass average molecular weight uses the thing of 500-1000. 
[0016] Moreover, 1300-4500, and that it is especially 2000-4000 have the desirable mass average 
molecular weight of solid content which consists of the above-mentioned resinous principle and a cross 
linking agent component in this invention. In addition, if this range is exceeded, the clearance called a 
void will be generated and the function as a protective coat will be reduced to the interior of a hole. 
Moreover, if less than this range, between Dense and Iso, a thickness difference will arise and control of 
subsequent etching will become very difficult. The mass mean molecular weight of this solid content is 
obtained by GPC measurement (polystyrene system gel is used for a coliram and it is a product made 
from SHODEX, and "GPC SYSTEM-21" in equipment). 

[0017] As an organic solvent in this invention, if the two above-mentioned component may be 
dissolved, what kind of thing may be used and there will be especially no limit. As an example of such a 
thing, an acetone, a methyl ethyl ketone, cyclopentanone. Ketones, such as a cyclohexanone, methyl 
isoamyl ketone, 2-heptanone, 1 and 1, and a 1-trimethyl acetone Ethylene glycol and ethylene glycol 
mono-acetate, diethylene-glycol, or diethylene-glycol mono-acetate. Or polyhydric alcohol, such as 
these monomethyl ether, the monopropyl ether, the monobutyl ether, or the monophenyl ether, and the 
derivative of those. There is ester, such as cyclic ether like dioxane, and ethyl lactate, methyl acetate, 
ethyl acetate, butyl acetate, methyl pyruvate, pyruvic-acid ethyl, 3-methoxy methyl propionate, 3-ethoxy 
ethyl propionate. These may be used independently, and may mix and use two or more sorts. 
[0018] Moreover, into the protective coat formation ingredient of this invention, a surfactant can also be 
added by request for improvement in spreading nature, or striae SHON prevention. As such a surfactant, 
fluorochemical surfactants, such as Sir chlorofluocarbon SC-103, SR-100 (Asahi Glass Co., Ltd. make), 
EF-351 (northeast fertilizer company make), Fluorad Fc-431, Fluorad Fc-135, Fluorad Fc-98, Fluorad 
Fc-430, and Fluorad Fc-176 (Sumitomo 3 M company make), can be mentioned, for example. It is 
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desirable to choose in less than 2000 ppm to the solid content of the solution for formation of an 
antireflection film layer as an addition in this case. 

[0019] Although the protective coat formation ingredient of this invention is suitable for applying on the 
substrate which has the pattern which consists of the Dense section and the Iso section As the relation 
between this Dense section and the Iso section is shown in drawing 2 That in which the Iso section 
which consists of a hole which carried out ****** isolation of the fixed distance which the hole whose 
Dense section is pluraUty crowds in the distance within about 2 to 3 times or it of the diameter of the 
hole, and is beyond the aforementioned distance is prepared is said. 
[0020] 

[Example] Next, an example and the example of a comparison explain this invention to a detail fiirther. 
In addition, three holes with a diameter of 250nm are prepared as a Dense section at spacing which is 
SOOnm, and the sample of the hole pattem of the Dense section-Iso section used in each example 
separates 5000nm firom the hole of the outermost part of the Dense section as an Iso section, and has the 
same hole as the above, 

[0021] The mass average molecular weight whose mass average molecular weight which is acrylic resin 
which has example 1 dihydroxy phenyl sulfone structure is PAC102 (die toe company make) of 5821 
and a meiamine derivative dissolved tiie mixture [ of 599 ] of MX-750 (Sanwa chemical company make) 
of 6:4 in propylene glycol, made this soUd content concentration 2 mass %, and the protective coat 
formation ingredient was prepared. The soUd content mass average molecular weight in this case was 
4226. Moreover, spiimer spreading of the above-mentioned protective coat formation ingredient was 
carried out, and the protective coat was made to form on a hole pattem. [ to the substrate with which the 
hole pattem of the Dense section-Iso section as shown in drawing 2 was formed ] [ 180 degrees C ] [ for 
90 seconds ] When the sectional view was observed by SEM (scaiming electron microscope), there was 
no generating of the void inside a pattem and the thickness difference between the Dense section-Iso 
section pattems was about 243rmi. 

[0022] The protective coat was made to form on a hole pattem by the same actuation as an example 1 
except having set to 4:6 PAC102 which used in the example 2 example 1, and the blending ratio of coal 
of MX-750. The solid content mass av^age molecular weight in this case was 3235. Consequently, 
there was also no generating of a void into a pattem and the thickness difference between the Dense 
section-Iso sections was about 209.5nm. 

[0023] The protective coat was made to form on a hole pattem by the same actuation as an example 1 
except having set to 8:2 PAC102 which used in the example of comparison 1 example 1, and the 
blending ratio of coal of MX-750. The soHd content mass average molecular weight in this case was 
5086. Consequently, since the void occurred in the hole, a hole was not able to be embedded thoroughly. 

[0024] The protective coat was made to form on a hole pattem by the same actuation as an example 1 
except having set to 1 :9 PAC102 which used in the example of comparison 2 example 1, and the 
blending ratio of coal of MX-750. The solid content mass average molecular weight in this case was 
1268. Consequently, although there was no generating of a void into a pattern, the thickness difference 
between the Dense section-Iso sections was set to 425.2 micrometers, and became the failure of the 
lithography process after it. 
[0025] 

[Effect of the Invention] If the protective coat formation ingredient of this invention is used, when 
preparing a protective coat on tiie fine structure resist pattem formed in the dual DAMASHIN process, 
flattening of the thickness difference produced between the Dense section and the Iso section can be 
carried out, and lithography processing for consecutive trench formation can be performed smoothly. 
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[Drawing 1] 
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if;^ (3 - V: Kn^v"7i-;i-) ^;u;h>. tfx 
(2 - M Kn^v7i^;i/) tfx (2, 4 - 

vli Kn:^v7i-;i.) tf;^ (3, 4 - vl: 



(3) 2002-190519 

Kn^ix-7i^;i/) ;^;l/.-^>, Mt. (3, 5 - vli Kn 
^v'7jii-;u) J^^i'.i^v, kfx (3, 6 - V t Kniirv 
7j:.^;u) ::^;p:^>. if;^ (3, 5-v>^;u-4-t: 

< t*>11H«:^tTt e r t --Th^v*. tert- 

2, 4 - vb Kn^v-^^y^ jiy 2, 3, 4 - h 
Kn^v^>Waiy 2, 2' , 4, 4' 
iO h^t: Kn#v^>:/:7jcy 2, 2' , 5, 6' - 
X h ^ Ktj^>'^>y:7 jiy 2-i::Kn^i/-4 
- > h^v^>y'7iy 2 - y^Yu^^y - A ' ^ ^ 

x.Jy^ 2 - b Kn^v - 4 - YT'y)\^ 
'^^^y^>/y jl/>^ 2, 2' -vt:Kn^v-4- 
;^Y^i^^>Vy ^/>^ 2, 6-vtKn^>'-4- 

h^v--^>'V*y 2, 2' -vbKn^v- 

4, 4' - h^v^^y'y'iy 
2' - t Kn^'>^>yv 4 - ->Vf^;i/T^ y 

-2' ~ \^Vu^-y^y^/y j:, / 4-v^^;UT^ 

^y-4' -^b^v-2' - b Kn^i/^-oy-^oLy 
4 - i:^>'^;UT^ - 2' , 4' - ->'t: Kn:^v^ 
4 - vy ^;uT^ y - 3' , 4' - vt: 
K n ^ v-^ > v*"7 y vSO'- (OimAWit^'^^-^^ < 
1 1) 11@«:5SL-C t e r t - yh^v*. t e r t - y' 

1, 2 - Kn^vT> h^-t^, 1, 5-vbKn 
SO ^vT>h^-t>^ 9, 1 0 - Kn^vT> h 

1, 2, 3 - h'J t: Kn^vrv hy-fe>. 1, 

2, 3, 4 - -r hyl: Kn^vT^ hy-fe>, 1, 2, 

3, 4, 5, 6 -^^^Mi Kn^xr> h^-fc>, 1, 
2, 3, 4, 5. 6, 7, ■ 8 - ^t: Kn^vTV f 
7-t>. 1 - Kn^vy -^^i-TV h y-t 9 - 11 K 
n^'>y ^^UT^ h y-fe>. 1 - 11 Kn^v/ai^;UT> 
hT-fe>, 9 - t: Kn^vai^;UT V 9 - 
Kn^ v--v^v;U7> h ^^r 9 - t: Kn^vii^^f- 
^^T^hy-bV. 9, 1 0 - Kn^^v^y ^;i/T> h 

2, 2 - V*y^>n^=i/N^K> :^;W^;V'K> TV 

tr>K. iiy vg^^oM-g^^^i^. i-':h-7h-;u. 

1 - -^-y^ v>y ^y-;u. 2-:hy^i->y 
^^y-;K 1 - (2 -^'7'^;u) jc^y-;^ ^y^x^ 
50 >ijA^^>Si^ 1 --^7 4 - 1. 
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8 ' i-y^u>i^ij)i^^*>W^. i-y h-)\^:^)i^^>m,^j: 

i^im^f^zt^^x-^^o tfz. ±iE-«fe^ (I I) 

x-if (3 6 5 nm) im^^fz^^. ^>v*'7iy > 
*B^«*^»iL<. Kr FJ:.^v-7U-^f- (2 4 8 

nm) ^fflv^fc^-g^, X;U:^>^^^v^iT> h ^-Irx 

gli. 4 0 0 0- 1 5 0 0 0<7)eHOtO;5i^*fS Lv^o 
[0 0 12] ifc. Ig^aiJ^^S^fc LTIi. mmAzx^s 

X(i r ;^ n ^ v- T ;w ^ ;p^*> -i) v> ti ^<oM:&r-s^ ^ tt 

^ y ^<?^7K^i^T-;^^^> n - ;u^3l li T n ^ v > 

[0 0 131 ::,ixh(D^mm'[t^^\U m^i:i^y < 

[0 0 14] ::^iLh<D^mmit^^(r>^x^ 
[<b5] 

(V) 



'J~;l-«X«d:-NRii Ri2^*^L. R\ R«> R^ 
R'o. Ri^SU'R'2(i5:v^(-|^i;;^.^^^/^^,(7>T% 

R9. R'o. R^iSirR'2O4'<0^^^< t<>2iiJi^^ 

n-;u^X(ir;V'n^v>«^;u^T**^) T-St>;gti^ 

19, >-?^n-;H6X*iT;i'3^v;^'^;P3E«:^:^31@J^]l 

mmi^xit^>y*^Ti'^>mmi^<omtLx{t. Tfisg 

p^Oh'jTvViRlffla')^ h^v>^;i-S7&^^i^3. 
7figft$ttrv^^MX- 7 5 0. h'JTvViRUBS 
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5 

-3 0 (v^-ftv*>Hffl'^^ :*;H±S) -y-^f^JUSO 
0. 301> 303. 350. 370. 771. 32 
5. 3 2 7. 7 0 3. 7 1 2*t*(7>> h^v^^Mk^ 
^ ^ >. -if-r ^ 3 5. 2 3 6. 2 3 8. 2 1 2. 2 
5 3. 2 5 4^t^O;^ h + v^-f-Mtr h^vpi^Mt 

>. -^f-f >;^5 0 6. 5 0 8^^i:'0'r^^v>f• 
;^^b>^^ >. -^--f 1 4 10<l:o4*;V'"K^v^^ 
S^*^ h^v^-^^^ufb-Y f^v;^-f-Mby ^ < 
>. ^f>f 1 2 3<7>J:^^> h^v>^;KbJ^h + 
70 v^-^Mb^>y^T:^< ^f'f>;n 12 3-10 
oj:'?^^ v^^Mb:/b^i^y ■f-Mb^>v*:rT 
>. ;n 12 8<7)J:d^':^h^>-y-^;ufb^ 

W^'T-^^ >. •'^•'fy;H 1 25-80c7)J:dJfc:^;l' 
V h ^ V ^ "f-MtJ^ h ^ V > ;i/fb-^ > 

•9-^y;H 1 7 OOJ:^ Jt7*h^v;>«^Mbi>'U 

-^--r^^n 1 7 2oj:d*p«^n-Mb^'J 

20 [0 0 1 5] if::. *^?gfrC^v^T(i. ^ft^co^lgSiJ 
0 0- 1 0 0 0Otc7)^fflv^;z,sr Lv^o 

[0 0 16] ^fz. ^^mx\t^ ALtzmmjf^^^xf^m 
njSL^i)^hti:^mw^^<D^m,^i^^^H)^i 300-4 
5 0 0. #tc2 0 0 0-4 0 0 o-tzhh^Lt-fymi^ U 

^m^t\^x<Dm^i^-T^^^o 

tfz. wCO^H^rTHI'i) tD e n s e t I s otOST^M 

^ A .i^- ij X ^ V > m r ;w * ffiffl L . frz s H o 

DEXttS, rCPC S YSTEM-2 1 J ) -eW'c) 
[0 0 17] :^^mi^z^lf;^7^mmmt trJi. _hf52 

40 >. 1, 1, 1 - h V >-^;WT-fc h >irt'0'5r h >^ 

/ -7 i - ;i/ Ji- 7^ ;l/ir f O^ffiT ;^ =i - -'i^^SS^/^-?'^^ 
K^y^;K ^mzr^)V^ 

50 x;Hairir3&**)-S>o wit?>(ima"efflv.^T^) i:v^L. 2 
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[0 0 181 ttz. ^^m<o^mmMmumzi±^ 

ISSlJt LTii. 7n>SC- 1 0 3. SR- 

1 0 0 mm^nm) , ef-3 s i (JFJim^ 

g) , 7n7-KFc-43 1, ^n^-KFc-lS 
5, 7n7-KFc-98, 7nv-KFc-430, 
707-KFC-17 6 (ffi:£3MttS) ^f<07y5g 

T. 2 0 0 0 p p m*SI<0^HT-M^<0;6f»t Lv^o 

[0 0 191 ^^m<oummmmtm-n. d e n s esc 

<75i:SLTv^-z>*^ C<7)D e n s e §5i: I s oSiStOgl 
^FJ±. £^x.{XEl 2 Ujj^l" J: -5 {;> D e u s e gp55^^iS 
o*-;w*«-?-o*-;KOilSo 2-3 f§Sg3ll±-?-KJa 

<7)mmi:^XXm^Ltz:h-)i'i)^hi:i, I s o8C**Ktt 

[0 0 2 01 

mi-HLm-r^o ^ii. ^0Jr-fflv>;tD e n s e«S5- I s 

rit:g2 5 0 nmO*-;W3'IH**5 0 0 nm<?5KPST-iS 
Jt<b*l, I s offifc UTDe n s ea50«i1.S50*-;P 

*-<b 5 0 0 0 nmBitt-c, ilBtw 1> 
[0 0 2 11 ^mMi 

-y t Kn 4^ V y i vflfjgSr^f -& T ^ ^VJ^ 
«)|gT-*);5,»a^i^;^7-S;5*5 82105PAC102 

?-fi**5 9 9 <r>MX - 7 5 0 (=fty 5 ii O 
tzo ttz^ 02 H^i-J: -9 ens eSf- I s oSCO 

* - - V ? ttfj^«(c*t L T. ±ie«sm 

B^^i:^\^>i—W^L. 1 8 0*CUT9 O^K'^ 
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8 

»f iBH «: S E M (jta&ffl^^ SSig) J: f? L t 
.1^. ''<^'->rt»T-0--K^ KOfl4{±i:<, Dens 
eSC- I s oSt-'<^->ra-^<omJ?MI±2 4 3 nmSft 

[00 2 21 2 

HiS^l-efflt^/cPAC 10 2 tMX-7 5 0<OE-g-«| 

4 : 6 1 tTtj'j.i'i-ii. 1 twim<omm~x o 

/O ^S-RST^iy^fiJi 3 2 3 5-C*o;to -etOiSS^ 

-vrtlz-ie-f KO^^t*<. Dense SP- I soS5 
^<^^MI±2 0 9. 5 nmgft-C*o/^o 

[0 0 2 31 it^m 1 

Hifet^l-Cffiv^fePAC 10 2 tMX-7 5 OOE-g-fS 
-g-Sr 8 : 2 t L/^mii. nttm 1 t l^»0*|f^lr J: ») 

i^ - ri^j s 9 - > ±\,z^t^m'kMm ^-^fzo - o^cosB 
^K*¥i%^^fiii5 0 8 6-c*o/co "tffjmm. 

20 [0 0 2 41 2 

HiSC^l -Cfflv^TtPAC 10 2 tMX- 7 5 0 OE-^SS 
^Sr 1 : 9 t L/c£l^1.J±, 1 bmm(r>¥kmzi •) 

53-K*¥l*I:9-T-i(± 1 2 6 8T-*ofco -!-<^^:i:> 
->rttcie-Y KO%±li^*^-=>fct C0<0^ De n s egp 
- I s oa5|g-CO|||j?||7i*4 2 5. 2 m i: , -?-tL 

[0 0 2 51 

h/N'^'->±lCftg|g|Sr^ft^^'&tC. Dense 

m 1 1 i^*:frfeui3(t^«S)KoRi^.*^^Bfis 



[IS21 Densei 



It I s offl5«-*i-*l'V'*>^ h/< 



[011 



[02] 




ess 



D e n a ett 



I 8 o8 




O e n « eS 



I 8 oS 
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(6) 



#Bi2 002-1 90519 



(72)^mm mm she F^-A(##) SFOSS MU02 OQOI WWOO 

n^J\mn\mti^fWM^A=¥'}SO^n * SFOSS AA06 AC02 ACIO AF04 AG01 

MlSfbX*:fe^^ttrt AH02 
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- 1 9 0 5 1 9 A) 
-3 8 7 6 3 8) 



l^ns] ¥S:i5*5^23B (2003. 5. 23) 

I^&^S-^l #ga 2002-190519 (P 2002 
K^mB] ¥«:14^7^5B (2 0 0 2. 7. 5) 
[^M-^m 14-1906 
[aa®#-^l #®2 0 0 0-3 8 7 6 3 8 (P 2 0 0 0 

H01L 21/768 
21/312 

[FIJ 
H01L 21/90 Z 
21/312 A 

I^m Bl¥^15^1^27B (2003. 1. 2 
7) 

[#»g|tiE 1 1 

imiEn^mm^] mm* 
imjEnm^^s^] 0 0 11 

[0 0 1 n Lfz:^^ox. mmm^imsLi'^^y'r^ 

(DmtLXit. e;^ (4 - b Kn^v7 ji-;^) 
>^ tr>^ (3 - b Kn:^- v7ji— ;u) ifx 
(2 - Kn^v:7^ — vfx (2, 4 - 
Kn^v7i — :^)U:i^>^ vfx (3. 4 - v t: 
Kn^'>Vai^;u) x;^.i^>, tf;^ (3, 5 - Kn 
^'>:7j^^;^) e;:^ (3, 6->^i:Kn^'> 

tT;^ (3, 5-vV'^;^-4-b 

< ^ t 11H«r?SLTt e r t -"Tb^v^, tert- 

4 - vVi Kn^v^vy^o^y 2, 3, 4 - h V t: 
Kn^^v^^vy^jiy 2, 2' , 4. 4' -xh^ 
t: Kn^'>--<>y7:i:y >. 2, 2' , 5, 6' -xh 
^ b Ku^v^^y^ 2 - V: Kn^ V - 4 - p< 

h^v^>./7jiy>. 2 - b Kn^'> - 4 - 
v^>V"7aLy>. 2 - Kn^v . 4 - K-fv;!-?}-^ 
v^>y7iy>. 2, 2' - V t Kn^^v - 4 - > h 
^i^^>V-7^/ 2. 6 ' i^liVu^Z^ - 4 ' h 
^i^^>^/yjLy >^ 2. 2' -vl:Kn:^v-4, 
4' - h + V"7jiy 4-7^^-2' - 

b Kn^v^>y'7aLy 4 - v^-^;pr ^ y - 2' 
- 11 Kd^v^> V7 4 - vJ^-^^uT ^ y - 

2' - 11 Kn + >^>y:7 jiy 4 - -yj^^)i^T^ y 
-4' -p«h^v-2' - k: Kn^v^>y7jLy 
4 - i^.?<-?^;P7^ y - 2' , 4' -vkKn^v^W 



-7^7 4 - v>'^;UT^ y ' 3' , 4' - vt: Kn 
^ > -/^ jn y d n O tIcK^ ^^^^^ < ti> 1 
IB^rJSLT t e r t - h^v-^. tert-rb^v 

_^j^b:7^;i-:t-^v^T*a^$^ir/cfb^?a. 1 - K 
n^vT>h7-t>> 9 - 11 Kn^vTV b7-t>. 

1, 2 - yi: Kn^vT> h 7-ir>. 1, 5 - Kn 
^vT>h7-t>, 9, 1 0 - vli Kn^vT > b 

1, 2, 3 - h b Kn:^v^T> h 7Hr>. 1, 

2, 3. 4 - x h7b Kn:^vr>' h7-fe>. 1, 2, 

3, 4, 5, 6 - --v^-^fli Kn^vT> h 7-t>. 1, 
2, 3, 4, 5, 6, 7, 8 - ^^^J' t Kn^vT> b 
7-t>. 1 - t Kn^'>;»«^;l.T> b7-b>, 9 - K 

h^-t>. 9 - 11 Kn^vJi^;UT> b 7-lr>. 9 - H 
Kn^v-^^v;l-7> b^-tV. 9 - H Kn^v^f^-^ 
;^T>b7-b>. 9. 1 0 - vH Kn^v^^^UTV b 
7-t>, 9 - T> b7-tV:*;U^-K>K. ^VvvMtT 
> b 7't>:^;^'-^*>ffi^. V) vvMtT> b V 

/N^K. 2, 2 - TV 

ey u>Ki:<7)M'g^^a£%. l-±7b-;K 
2 -^v b-;w. p vv:t--;u. •^-'7^ i-;^ b V 
1 - -^-7^ W>> 2--^-7^l^>>f 
^y-;!^. 1 - (2 -'^-7'^;i') ':^7^U 
>':^;;i-^*>K. \ - - 4 - iDV^^v"^^ 1, 

8 - •?-7^ u>v*;^'-K>S> -^7 b-;w;^;p5^>K'fc 
irt*if;S)^<h;&^-e§^c -tfz^ ±fe-«i5: (i i) - 
(IV) T'S*?$tt^a^2&(i. fflv^t>tt^s^*oig^ 

i (3 6 5 nm) Srfflv^fc*^. ^> V7 jl y > 
*a»ll3&^«F*L<. KrFi^v^V-Hf- (248 
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gii. 4000-15000 <Dmm<0 i> (OUt^Ut Li/^o 

miEnmmm^] mm* 

[MjE*t*]«g*l 0 0 14 

10 0 141 zixh<D^mmit^^(7y^x-. 

lit 5] 




(V) 



V-;i-^Z«i-NR^i Ri2^4:^L. R^ RK RK 
R'o. R'^5:^/R^2ii5^vni[^i:56-^^o;t: tOT% ^ 

^r^-t^O^ 5?"?-*tC#ft-r-5>4--61BOR7. R8. 
R^ R^^ RiiSy^R'2<7)itiO^^-3fc< 21@(i^^ 



¥*^3. 7l@g^$iLT^^-5)MX- 7 5 0. hUTv> 

^;i-300. 30K 303. 350. 370. 77 
1. 325. 327. 703. 7 1 2 ^ t <0> h ^ >;>< 
■9-^>;U235. 236. 238. 2 
1 2. 2 5 3. 2 5 4 JtifO^ h^v;»(^;i.fbr h^v 
>'^;Uft^ ^ ^ >. ^f-r ;^;^5 0 6. 5 0 8^h*orh 
^i^j<^)Ht^v< >. -^--fpf^H 1 4 lcoj:9^?:^>'^ 

-»j--r>t;n i23C0J:d'&>f h^v^^Mt 
^ h ^ )i'it^> Vi^^r -r < 12 3 

-1 OOi^^r^c h^i/^^Mty h^v>^;i-fb^> 
V^^Tf-^ >. -^-^^^H 1 2 8<7>J:^3fc:/h^v^^ 
Mt^y^/^^Ti-^ >. -^f'r;^;H 1 25-80OJ:-7 

^ :^ v ^t-S-g-^p^ h ^ V ^ ^;ufb^ h ^ V ^ ^ 

LT(i. •'j-'f ;^;H 1 7 0 Oi: -7 ^'7' h ^ v ^;Ufb^ 
t; n-;i'tj7 V ■»f-r^;n 1 7 2 o j: ^ ^>^n-;i/ 



